Abstract A robust adaptive autopilot for uninhabited surface vehicles (USV) based on a model predictive controller (MPC) is presented in this paper. The novel autopilot is capable of handling sudden changes in system dynamics. In real life situations, very often a sudden change in dynamics results in missions being aborted and the uninhabited vehicles have to be rescued before they cause damage to other marine craft in the vicinity. This problem has been suitably dealt with by this innovative design. The MPC adopts an online adaptive nature by utilising three algorithms, individually: gradient descent, least squares and weighted least squares (WLS). Even with random initialisation, significant improvements over the other algorithmic approach were achieved by WLS by maintaining the intermittent continuous values of system parameters and periodically reinitialising the covariance matrix. Also, a time frame of 25 seconds appears to be the optimum to reinitialise the parameters in simulation studies. This novel approach enables the autopilot to cope well with significant changes in the system dynamics and empowers USVs to accomplish their desired missions.
Introduction
For a number of years Predator unmanned air vehicles have been involved in strike missions using airto-ground Hellfire missiles. Surprisingly, the first missiles were launched by the US Navy from an uninhabited surface vehicle (also known as unmanned surface vehicle) (USV) took place during trials in late October 2012 [1] . During the trials conducted by US Navy, in total six Rafael Spike missiles were fired which equates to a total payload displacement of approximately 204 kg. Clearly if a pod of such missiles was to be launched in a salvo then there would be an abrupt change in the dynamic characteristics of the vehicle owing to the sudden decrease in its overall mass. Whereas, the mass of the vehicle would gradually alter over a period of time if the USV is commissioned to collect water samples at a constant rate as in the case of environmental / ecological studies.
Besides coping with changing payloads, as illustrated above, multi-role USVs also have to contend with amendments to mission requirements and Since management and monitoring of the environment is a major issue worldwide, an USV named Springer, depicted in Fig. 1 , has been specifically built and continues to be developed to be a cost effective and environmentally friendly vehicle primarily for undertaking pollutant tracking, environmental, hydrographical surveys in rivers, reservoirs, inland waterways and coastal waters, particularly where shallow waters prevail. An equally important secondary role is also envisaged for Springer as a test bed platform for other academic and scientific institutions involved in environmental data gathering, sensor and instrumentation technology, control systems engineering and power systems based on alternative energy sources.
Thus for the reasons outlined above, this paper reports a study into the application of gradient descent, least squares and weighted least squares inconjunction with MPC techniques in the design of adaptive autopilots for the Springer vehicle. In particular the study investigates the capabilities of the autopilots to cope with a sudden change in the mass of the USV.
With regards to the structure and content of the paper, on completion of this introductory material, Section 2 outlines the Springer vehicle hardware, and presents the yaw dynamic model used in simulation studies. Whilst Section 3 describes the autopilot designs, and in Section 4 results and discussion are presented. Finally concluding remarks are given in Section 5.
The Springer Uninhabited Surface Vehicle
The Springer USV was designed as a medium waterplane twin hull vessel which is versatile in terms of mission profile and payload. It is 4.2 m long and 2.3 m wide with a displacement of 0.6 tonnes. Each hull is divided into three watertight compartments. The sensor and computer systems are carried in watertight Peli cases. This facilitates the quick substitution of systems on shore or at sea. In order to prevent any catastrophe resulting from a water leakage, leak sensors 
